
-. 1-
. ---- -

Copy No.f)~c)
c..-

RM No. L7’J20

CLASSIFICATION CANCELLED

IN?TIAL FLIGHT TESTS

AUTtlOiiI’TYH.L. DliYDEN
DATE 6-1 i -!53

OF THE NACA FR-2 , A

CHANGE #145b
T-C. FkASEJx, JF

HIGH-VELOCITY ROCKET -

VEHICLE FOR TRANSONIC FLUTTER RESEARCH

Langley

By ,

$. B mby and J. M. Teitelkun

Mefiorial Aeronautical Laboratory
Langley Field, Va.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS
?$!!s WASHINGRM
?-

.— —



.

b

.

.

NACA RM No. L7J20 KSIWfWD
NATIONAL ADVISORY COMMITTEE FOR

IWEXARCH MEMORANDUM

INITIAL FLIGHT TESTS OF THE NACA FIM ,

PROPELLED VEEICLE FOR TRANSONIC

By J. G. Barmby and J. M.

SUMMARY

Teitelbsum

The initial flight tests of Luo simplified fluttervehicles, whlch
were launched at the Langley Pilotless Aircmft Research Station at
Wallops Island, Vs., aro descrjbed herein.

The results of the tests are in agreement with the results of the
freely-falling-body test in that the wing failures in the transonic
range occurred at velocities greater than the”flutter velocity calculated
from the twc+iimensional, incompressible theory.

Although the simple break+ire system seems satisfactory for
exploratory tests, the scope of the investigation could be efiended by
use of a frequency-recording telemeter.

The use of high-velocity-rocket test vehicles of this type offers
promise for flutter testing in the transonio and the supersonic regions. -

INTRODUCTION

With presenl+iay aircraft approaching sonio speeds, it becomes
desirable to predict flutter conditions throughout the transonic and
supersonic regions. This problem is being attacked by the National
Advisory Committee for Aeronautics employing the Langley flutter tunnel,
freely falljng bodies, low+cceleration rocke~propelled vehicles, and
h~gh-velocity rocket-propelled vehicles. This last vehicle, designated
the FR-2, is the only one capable of making flutter tests to a Mach
number of 1.7 and was designed to be quickly and easily constricted
ant launched. The results of the injtial flight tests of thjs vehicle
are presented herein.

In order to check the stability of the model, the operation of the
radio transmitter, and the abillty of the tmckers to obtain Doppler radar
records over the desired range, models 1 and 2 were launched with only
fins and instrumented nose. As these fllghts were successful, two sets
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2 CONFIDENTIAL wLcA m No. L7ir20

of flutter wings having aimil.aroharacterirnticswere attached to
models 3 and 4. The data obtained frcm the flights of models 3 and 4
are given in &etaIl.

A

M

Mcr

C.g.

ea.

b

a

a++

T

PB

P

K

ra2

‘hl

‘%

SYMBOLS

aspeot matio (including fuselage area)

Mach number

theoretical Mach number at whioh sonio ~elocity Is first
attained on the airfoil at zero Mft (reference 1)

distance of aenter of gravity behind leading edge, percent chord

distance of the elastic axis behind leading edge, percent chord

semiahord of test wing, feet (reference2)

nondimenulonal elastic axis position

(reference 2)
t%+

non@kemsiozwil uente~f~ravity position
(%51)

(refereme 2)

fre+alr temperature, % absolute

static pressure, pounds per square foot

Aair density, pounds-second2-feet

c
tipb2

weight ratio — where m is mase of airfoil per
.m

unit length)

square of nondlmeneional radius of

(L
axis

-5 where 1= is polar
mb

)elastic axis (reference 2)

gyration about elastic

moment of inertia about

first bending natural frequenoy, cyolea per second

second bending natural frequency, uyoles per second
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first torsion natural frequency, cycles per second

uncoupled torsion frequency about the elsstic axis,

cyclesper second

(

ft 1-

xa2(-)ra
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uncoupled angular torsional frequency about the elastic axisj
radians per second (2@J -

.

velocity, miles per hour

velocity, feet per second

d-c pressure, pounds per square foot

time after firing, seconds

acceleration 32.2 feet per eecond per second

nondimensional flutter speed coefficient (reference 2)

theoretical flutter velocity, miles per hour (two-dimensional
inccunpressibletheory employing first bending-torsion mode.

and density at time of failure
(,&%)] (reference 2)

theoretical divergence velocity, milee per hour (twc+
dimensional incompressible theory using density at time
of failure) (reference 2)

APPARATUS I

Model t

The FR+2 models 3 and 4 were essentially standard >inch high-
velocity aircraft rockets to which instrumented noses and flutter wings,
identical for both models, had been added, resulting in a configuration
which resembles conventional aircraft designs. The rocket motor
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weighed 88.7 pounds, including Z?k.$)pounds of powder,
thrust of ~ pqunds for approx~tely 1 second.< In

NACA RM No. L7J20

. .
and produced a
order to reduce

the acceleration of the model so that trackers
through the desired velocity range, sufficient
to increase the model weight to 112.5 pounds.
shown in figure 1 and photographs of the model
are shown as figures 2(a) and 2(b).

could obtain radar records .

lead was added in the n&se
A sketch of the model is
on the 60° launching rack

The flutter wings,
the complete model, are
istics:

Weight, pounds per wing

located slightly behind the center of gravity of
shown in figure 3 and had the following characteb
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Each model was

CON-K!DENTIAL

Instrumentation

equipped with a radio transmitter housed in a
Plexiglas nose. This-tr&mitter provided a continuous-ave unmodulated
radio frequency field which was approximately plane polarized in a plane
normal to the plxme of the transmitting antenna and of nearly circular-
field-strength pattern. The positive battery lead of the power suppQ
to the transmitter was fed frcm the battery through break wires in the
flutter wings before supplylng current to the plate of the transmitter.
Wing failure, therefore, cut the power supply and stopped the transmitter
frm operating. A rotating antenna on the ground was polarization sensitive
and a low-frequency signal due to the rotation of the antenna was produced
at the output of the receiver. This signal was reoorded as an oscilhting
wave on a filu+ty-pe-recorder as long as the transmitter in the model was .
operating. When the transmitter ceased to operate, the oscillation of the
signal stopped. A part of the record is shown in figure 4. The flights
of the models were tracked with Doppler radar in order that a velocity
record could be obtained. Timing s@naU were sbmltaneously fed’to
both the Doppler radar and the radio-transmitter recorder in order that
the data could be correlated.

RESULTS AND DISCUSSION

The flights of the mbdels with wings were smooth prior to wing
failure. The time histories of the model fklghts are shown in figures 5(a)
and 5(b), in which flight velocities and Mach nuniberare plotted as functions
of time. Fram these curves the longitudinal accelerations were calculated
for models 3 and 4, respectively, at time of wing failure. Figures 6(a)
and 6(b) are photographs of the recovered wings. Wing failures occurred
at a Mach number of 0.88 in each case. Conditions at the time of wing

. failure were as follows:

M.. . . . .
v......

PS**.**
T. . . . . .
p......
q., . . . .
l/fc. . . ● .
t.. . . . .
Acceleration.

Model 3

0.88
675
2110
522.2

0.00237
1155
34.2
0.64

y.og

Model k

0.88
675
2110
522.2

0,00237
1155
34.3
0.62

52*%
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6 CONFIDKNTW NACA RM No. L7J20

A preliminary analysis of the test wings was nade using twc-
‘ dimensional incompressible theory. The theoretical divergence velocity VD

was 1098 miles per hour. The flutter velocity coefficient v/~ for the ●

bendi~torsion case of flutter was calculated for varioUs frequency
ratios fh/faj as ‘shownin figure 7. The first bending-frequency ra.io

‘hl/fa was used to detemnine the flutter coefficient of this wing. The

value of Vfo obtained was 528 miles per hour frcm twc-dimensional

incompressible flow theory. The results of the teste ccmducted show wing
failure occurred at approximately 675 miles per hour for both models.
It is seen that this exper~ntal value obtained at a Mich number of 0.88
was 28 percent greater than that obtained using the two-dimensional,
inccmpreesible theoretical value. This basio flutter thZory which doee
not ccnsider the effects of aspect ratio, cau~essibillty, and flutter-
deflection pattern is used primarily as a standard to correlate the results
wi~h the ether test methods.

.-

Uslng as a basis of comparison the ratio of the experimental-failure
velocity to the theoretical-fluttervelocity, the result-sof these tests ‘
show agreement within a few percent with the results of the freely-falling-
body test (referenoe 3). The low-cceleration freely f;~lng body similiirly
employed a break-wire system.

Although the data oapare favorably with the freely-falling-body
test, the scope of the investigation could be_extended b–ythe use cf a
frequency-recordingtelemeter. From the telemeter record it would be
possible to obtain data on the mcde of flutter and any poseible longi-

B

tudinal acceleration effect on the variation in time interval between
the start of flutter osoillatione and wing failure.

CONCLUSIONS -

1. The results of the tests are in agreement with the results of the
freely-falling-baiyteet in that the wing failures in the transonic range
occurred at velocities greater than the flutter velocity calculated from
the twc-Mnensional, incompressible theory.

—

2. Although the simple break-wire system,seems satisfactory for
exploratory tests, the scope of the investigation could-be extended by
use of a frequency-recording telemeter.

CCNFTDENTIAL r—
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3* High-vebcity aircraft rockets of this type offer promise as
vehicles for flutter testing in the transonlc and the supersonic regions. ‘

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.
.
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(a)

Figure 2.- Photograph
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Front view.
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(b) Side

Figure 2.-
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(a) Model 3.

Figure 6.- Photograph of test wings recovered from flight of FR-2.
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(b) Modelq. ,
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